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+ INTERFERENCE OF WING AND FUSELAGE FROM TESTS OF
18 COUBINATIONS IN THE N.A.C.A. VARIABLE-DENSITY TUNNEL
COMBINATIONS WITE SPLIT FLAPS

By Albert Sherman
SUMMARY

As part of the wing-fuselage interference investiga-
tion in progress in the H.A.C.LA. variable—density wind
tunnel, the effects of various split~-flap arrangements ap-—
“plied to wing-fuselage comblinations weres determined.

Split flaps were found %o exert their influence indepond—
ently of the interferdnce, and their effects on the asro~
dynamic characterisgtics of rectangular—airfoil combina-
tions appcared to be more or less proportional to thelir,
oxposed span lengths. The interference, moreover, showed
the same character with the split flaps as without fthem.

INTRODUCTION : —

An oextensive program of resesarch is being conducted
in the H.A.C.A. variable~density wind tunnel on the lnter-.
ference between wing and fuselage at large values of the
Reynolds Number (references 1, 2, and 3). Reference 1
outlined the wing-fuselage 1nterference program and pre-
sented the initial and basic parts Théreof, comprising
test rosults for 209 combinations that represented to the
widest practical extent, the most important parameters of
combination, such as: wing position relative to the fuse-
lage, wing shape, Jjuncture shape, and fuselage shave. The
investigation was subsequently continued mainly with re-~
gard to fusclege shape and comprised combinations with
round, rectangular, triangular, elliptical, and alrf011~

type fusclages. o

The wide employment of gplit flaps in design indicat-
ed that information would be desirable concerning the in-
terferences aessociated with wing~fuselage combinations
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having eplit flaps. Medium~camber or thick wing sections
are known to be less affected by the interference of a fu-
gselage than smagll-camber or moderately thick profiles
(eege, the N.A.C.A. 0012), In reference 3, moreover, it
appeared that the offesctsg of adding a split flap to a
tapered wing having a thick section at the root were lit-
tle influenced by the prescnce of a fuseleage. In the
pPhase of the investigation reported herein, therefore,
various gplit=flap arrangements were added to wing-fusc-
lags combinations having rectangular N.A.C.A. 0012 alr-
foilg, and their effects, mainly with rogard to the maxi-
mum lift, were determined.. The deoscriptions in table V
of the comblngtions tested indicate the gcope of the ex-
rorimental invostigation.

HODELS AND TESTS

The wing models employed were rectangular 5- by 30~
inch duralumin airfoils of N.A.C.A. 0012 (sec reference 1),
and NeAsC.A. 23012 (reference 4) profilegs. The N.A.C,A.
0012 airfoil ig "standard" ag o critical alirfoil for the
wing~fuselage interference investigation. Tho N.A.C.A,
23012 was included to show the cffect on the interferonce
asgociated with the use of & more recont profile. These
vings wereo combined only with the round fuselage (refer-
ence 1), which is an airship form of polished duralumin,
204156 inches in length, baving a fineness ratio of 5,86,
The various flap arrangements were made of brass plate
and had sharpened trailing edges. .They wers all 20 per—
cent of the wing chord in width and had the deflections,
span lengths, nnd span positions indicated in teble V,
The fillets were formed of smoothly finighed plaster of
paris aos indicated in the third column of table V. Photo-
graphs of representative combinations are shown in fig-
uresg ‘L and 2.

Tho tests were performed in the variable~density wind
tunnel (reference 5) at a test Reynolds Number of approx-
imately 3,100,000 (effective R = 8,200,000). In additicn,
values of the maximum 11ft coefficisnt were obtainegd at o
reduced gpceed corrosponding to a test Reynolds Number of
approximately 1,400,000 (effective R = 3,700,000). The
testing procodure and test procision, which aro practical-
1y thoe same as for an airfoill alone, are fully described
in rcforonce 1, Since the tosts of reference 1 were mado,
n small ndditional corroction of less than -1 percont has
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been avplied to the measurement of the dynamlec pressure ¢
to improve the precision of the results.

RESULTS

The tost data are given in the same manner as in rof-
erence 1, in vhidh the methods of analysis and of presen-—
tation of the results are fully discussed.

Ag in the prececding reports of the interference pro-
grom (roferences 1, 2, and 3), the test results are given
in tables supplemented by figures. Table I contains the
characteristics of the wings alone and table II, those of
the fuselage. Table III presents the sums of the fuselage
characteristics and the interferences at various angles of
attack for each of the combinations tested. The values B
given represent the differences botwesn the cheracteristics
of cach combingtion and those of the wing alone or of the
wing with s full-span split flap. Thus, for conveniencse,
the effects of reductions in the flap svgn Or of changes
"in the flap shape are included in the interference of the
fuselage. Obviously, the characteristics of the combina-
tions themselves can, if desired, be obtained by adding
corresponding items in tables I and III. Table IV of the
program {(sce reference 1), which presents interference
datn for disconnected combinations, is not continued hero=
in because no additional combinations of this character
were investigated.

Table V contains the combination diagrams and descrip-
tiorns in addition %o the principal aserodynamic character-—
istics of the combinations. The. values d&/c and k/c
represent the longitudinal and vertical displacements, re=-
spectively, of the wing guarter-chord axis measured (in
chord lengths) positive ahead of and ahove the quarter-
length point of the fuselage axis; i 1is the angle of
wing setting.,. : ' -

The last nine columns of the table present the fol~
lowing .important characteristics as standard nondinen—
slonal coefficients based on the original wing areas of
150 square inchesg!

o, 1lift-curve slope (in dezree mossure) as deter—
mined in the low~coofficient range for an ef-
fective aspect ratio of 6.86. This value of
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the aspect ratio differs from the actual value
for the models becnusd the 1ift results are not
otherwise corrected for tunnel-wall interfer-
ence. For most of the combinations with split
flaps, values averaged over the useful range of
1ift coefficient are given.

OCswald'l's airplane, or span, efficiency factor.
(See reference 1,.°) ‘

minimum effective profile~drag coefficlent

) G2 :

(op - )
TA “min

with split flaps, average values of the drag

taken over the useful range of 1lift coefficlent

and amccurate to within about 5 percent are given
instead. ’

‘' For mobt of- the combingtions

eptimum lift coefficlent, i.e., the 1ift coeffi-

clent corresvounding to. Cp .
nin

aerodynamic~center posgsition indicating approxi-
mately the location of .the aercdynamic center

ahead of the wing gquartcr-chord axls as a frac-—
tilon of the wing chord. Numerically =n, eguals
dGmc .

- at zero lift.
a0y,

pitching~moment coefficient at zero 1ift about
the wing quarter-chord axis. For most of the
combinationg with split. flans, average valuss
of the moment taken over the useful range of
1ift coefficient and acecurate to within about 5
percent are given instead.

1ift coefficient at the interference burdls,
i.8.,, the value of the 1lift coefficient beyond
which the air flow has & tendency to break down
as indiceted by an abnarmal increass in the
drag. ) ’

maximum 1ift coefficient given for two differ-
ent values of the effective Reynolds Number.
(See reference 1,) The turbulence factor em-
ployed in. this report tq obtain the effective
R fro~ thc test R is 2.64.
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As in reference 2, the values of the effoctive
Reynolds Xumber differ somewhat from. those given in ref-
erence 1 because of a later more accurate determination
of the turbulence factor for the tunnel. The wvalues of
the effective Reynolds Number given in reference 1 are
subject to correction by a factor of 1.1. '

Figures 3 to 5 present the variation with angle of
attack of the aerodynamic characteristics for certain com-
binations, grouped so as to illustrate the effects of va-
riations in the interesting parameters of combination,
Angle—of-~attack plots are more effective than polars for
showing the character of the lift-curve peaks and the
lift-curve disgsplacements produced by split flaps.

DISCUSSION

Full—gpan flapg.—- The main effects upon the asrody-
namic characteristics of an airfoil due to deflecting a
split flap are: 4n increment is added to the maximum 1ift,
the lift curve 1s displaced toward. ths negative angles,
and large drag and negative pitching—moment increments are
applied. When a deflected full-gspan split flap ig added
t0 o combination of a réctangular airfoill and a round fu-
selage, these resulits are anbarently but 1little modified.
The flaps act moro or less indepondently of the interfor-
ence, which shows a similar character for combinations
with or without split flaps. The effects of the interfor-
ence are most noticeable with respect to the interference
burble and the maximum 1ift, because the action of the
flap genorally overshadows tno effocts on the other char-
acbterigstics. Figure 3 illustrates the effect of the ver-
tical position (with respect to the fuselage) of a flapped
wing upon the interference. Definite interference effects
on the drzcg, the pitching moment, and the lift—curve dig-
placement con be seen that vary w1th wing position, but
they are small compared with the results of adding a split
flop and with the interference on the lift~curve peaks.

It is 1nteresting to note that the maximum 1ifts are af-
fected in their absolute magnitude Just as for combinations
without split flaps (compare table V) and, moreover, thatb
the interference burble for the midwing combinations with
and without flaps occurs at approximately the same angle

of attack. (See reference 1l,) Likewise, different air-
foll profiles show the same relative gsusceptibility to the
interference burble when combined in the midwing posltion
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with fleps or without flaps. (Cqmpare combinations with
N.A.C.A., 0OCl2 and N.A.C.A. 23012 rectangular airfoils in
table V; and, also, compare combinations with tapsred
N.A.,C.A. 0018-09 wing and elliptical fuselage in referencs
?,) The N.,A.C.A. 23012 profile (1.8 percent maximum cam-
ber, 15 nercent back of the leading edge) was somewhat
less susceptible than the N.A.C.A. 0012 (zero camber) as
regards the interference burble. '@ This result was to be
exnectcd from consideration of its mean-line shave. The
addition of split flaps produced 1ittle change in this re-
lationghin. ' o

Beduced-snan flaps.~ In practical applications, flaps
of only partial span are often used to accommodate ordi-
‘nary ailerons. - The cost in maximum-~1ift increment for the
rectangular wings is approximately proportianal to the Te-
duction in flavp span, being more.than proportional to the
gevan reduction where the flap goed through the fuselage
and less where it goes under the fuselage (table V). As
shown in figure 4, the characteristics other than the max-
imum 1ift are similarly affected.

Cut—outg in flapg.—- Also for ,practical reasons, gaps
are often left in gplit flaps at the inner éands near the
fusolage. Such cut-outs of fairly lerge size were inves-
tigated (table V). Figure 5 showg that the cost—in maxim
mum 1ift, although appreciable, may not be serious. (Beo
also table Vo)

The dpposite of a flap cut-out, that is, a flap addi-
tion such . as employed for an alr brake on a low-wing com-
bination (fig. 2), showed very little effect except on the
drag (table V, combination 283).

Dras ond pitching momept.— The split flaps had very
large effects on both the effective profilc drag and the
pitching moment. These characteristics for the largc-
span flaps exhibited, however, a negligible variation with
anglo of attack over the useful range of lift. In table
V, therefore, 1t was possible to glve for thils range aver-
age values that are accurate enocugh for most-engineering
uses. Further, drag and pitching-moment increments for
various flap spans on rectangular wings could he taken as
approximately proportional to the pxposed span length of
the flaovse. :

It may be concluded that—split flaps on rectangular
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wings bohave predictably and do not materially aliter the
wing«fuselege 1nterLerence ‘particularly as regards the
burblce. '

Lrngley Memorial Aeronsuticel Laboratory,
National Advisory Committec for Aseronautics, ' -
Langley Field, Va., February 9, 1938.
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TABLE I -~ ATRFOIL CHARACTERISTICS

oL | ©0, (Cmgsa| COn ] CD, |Cmgj4| On | D¢ |[Cm /4
Airfoil © _ e/ ¢ c/ c/
o= QY A = 46 a = 120
Rectangular N.A.C.A. 0012 0.000{0.0080{0.000:0.307({0.0087{0.003|0,920 [0.0150(0.004
Rectengular R.A.C.A. 23012 .090] .0085|-.006] .400| .0095|-.004}1.0285] .0181}|-,007
Rectangular N.A.C.A. 0012 with O.2¢
aplit flap deflected 60° L9758 .1718[-.204|1.268] .1736(-.207{1.819 | ,1755|-.213
Rectangular N.A.C.d. 2301% with 0.2c
split flap deflected 60 1.049) .17261-.207{1,341| .1738|-.211]1.895] .1754|~-.218
Rectangular N.A,C.A. 3301% with 0.2¢
eplit flep deflected 75 1.109{ .2093(-.199|1.389| .2096(-.201{1.909 | .2095{~-.205
TABLE II - FUSELAGE CHARACTERISTICS
5] 3] 1. ] s 1. e ] 1. ~ ] o) I ] 1,
Fuse-|En- | YL | “p | Ymp| YL | YD | “mr{ L | “D bop (¥, | Yp [Ymp(bn [ YD | ‘mp
lage | glne a =0° a =40 a =8° a =12° a =186°
Round | ¥one|0.000].00411.000}.001} 0022 ].016}.005].0049 | .028 {.011}.0062].035 | .0191.0085].038

lPitching-moment coafficient about the quarter-chord point of the fuselage.

"ON ©310K TBOTUYOSY "W 'D'V'H

0%9




ore wown T YT T Y

‘ASLE III ~ LIFT AND INTEOFEHENCE, LHAG AND INTERFEREN

GB, A¥D PITCEING HOMENT

AND INTERFVERENCE OF FUSELAGE IN WING-FUSELAGE COMBINATIONS

A A A
. Aoy AGDe AGmc/4. Or ECDS Acm0/4 7 cDe cmc/4
Compi-—-
ng¥lon
o =OO o = 40 o _,__120
271 0.035 | 0.0045 | -0.001 | 0.056 | 0.0048 0.000 | 0.0%6 | 0.0058 0.010
1gwa ~.084 | -.0113 -009 | -.012 | ~.0LOR -.006 .014 | -.0070 .012
1ov3 ~1281 | -.0R43 018 | -.108 | -.0348 022 1 -0 1 - 0017 .040
1274 | -.564 | ~.1077 113 | ~.546 | ~.1100 (118 | ~.470 | ~,1105 .11
lavs ~.655 | -.1229 J144 | -.826 1 -.1267 L153 | -.540 | ~,1272 .168
iza7g -.080 | -.0105 .0l4 | ~.068 | -.0108 014 | -.058 L0245 -.006
1are -.100 | -.0070 .033 -.082 ~.0089 .039 - 051, L0209 .018
1278 -.632 | ~.1097 .146 | ~.802 | =.1133 d54 | -.519 | -.112l .165
279 ~.0B7 .0046 ~.001 | ~.015 0049 .000 .013 .0059 -.005
1280 -.060 | -~J0017 018 | -,051 | ~-.0013 022 | -.043 . 0030 .025
togy -.139 .0021 L034 | ~,120 .0035 035 | -.123 L0027 037
1202 ~.591 | ~.0954 147 | -.570 | =-.1007 .148 | -.518 | -.1046 .146
laps ~.474 | -~.05€8 L1834 | -.457 1 ~.0659 133 -.406 | -.0748 .120
204 -~ 015 0021 ~.004 008 .0029 .003 .0@9 .0033 .014
12e5 -,101 | ~.0079 021 | -.086 | -.0Q073 035 | -.060 | -.0055 .049
286 .010 0022 ~,002 027 L0031, 002 061 .0044 .013
1a87 - 07 -.0110 014 ~-.05% -.0114 .015 ~- 033 ~.0055 024
1288 ~.089 | ~.0129 ,020 | -.081 | -.0113 .020 | -.051 | ~.0082 .028

1The values given represent the differences between the characteristlcs of each combination
end those of the corresponding airfoil with full-span split flap.
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Figure 3. - Combinatlon 2383, showing air brake.
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